ABSTRACT Clinical data from 624 asbestos exposed workers were analysed by factor analysis. Fifteen clinical variables were found to reflect several underlying factors: "obstruction," "interstitial disorder," "x ray change," "air trapping," and "age/exposure." Scoring individual subjects along these axes can facilitate identifying early cases and avoiding false diagnosis. The analysis suggests that screening should be multimodal and that radiographic abnormality need not imply physiological impairment. 
P4M program was used for factor analysis.2 Initial Arterial blood, obtained while subjects breathed factor extraction was by principal components ambient air, was analysed for oxygen tension (PO2), analysis. The varimax method was used for factor using a semi-automated blood gas analyser (Corning, rotation.1 2 Data were standardised before factor model 168, Medford, MA).
identification. To avoid any biases, we decided a Each subject had posterior/anterior, lateral, and priori to accept the BMDP default criteria for factor bilateral oblique chest x ray films taken and inter-identification and retention. (A subsequent analysis, preted by chest radiologists. The radiologists' reports forcing retention of exactly four factors, did not yield were abstracted and numerically coded. There were substantially different results.) separate scores for interstitial (XR-INT) and pleural Analysis was performed using all subjects. In (XR-PL) abnormalities, assigning higher scores for addition, separate analyses were performed for the greater certainty of abnormality and extent of abnor-non-smoker and current smoker subgroups. mality. In addition, the abstractor assigned a numerical dyspnoea score (1-5) based on the recorded Results questionnaire and interview data.
Subjects were considered non-smokers if they had Table 1 shows the characteristics of the study popula- Table 2 Factor loadingsfor all subjects tions. In general, the subjects had had prolonged exposure to asbestos (mean duration = 21 years) and were middle aged (mean age 56). As expected, lung function in current smokers was worse than in nonsmokers. Spirometric findings suggestive of restrictive lung disease (FVC < lower bound of 95% confidence interval with FEV1/FVC ratio > predicted) were present in 4-4% of the population. Tables 2-4 identify factors that are not closely related. The technique has been extensively used in the social sciences.
We analysed the entire study population and two subgroups defined by smoking status (lifelong nonsmokers, current smokers). The ex-smokers group was not analysed separately because of a lack of homogeneity-for example, differences in interval since stopping smoking and reasons for smoking cessation. As Others might label this factor "restrictive" but we avoided this term since "restrictive physiological abnormality" describes a lung size without regard to gas exchanging ability. A second factor, termed obstruction, appears related to airway function. The "air trapping factor," identified in the all subjects and non-smoker groups reflects incomplete lung emptying, possibly due to airway closure during the spirometric forced expiratory manoeuvre." Aging and cigarette smoking may lead to this effect. It is, therefore, not surprising that ATI is associated with age and does not appear as an independent factor in the current smokers group, wherein smoking causes damage leading to both air-flow obstruction and air trapping. In addition to reflecting air trapping, a raised RV/TLC ratio (ATI) might theoretically reflect interstitial disease if ability to inspire maximally is more affected than the residual volume. It appears here, however, that the ATI does reflect air trapping since it does not appear to be closely associated with other interstitial disease variables. In the all subjects and non-smoker groups both radiographic variables (reflecting pleural and interstitial changes) were the predominant variables in a separate factor that we have labelled "x ray." Age and its covariate, exposure, also appeared in these factors. In both current smokers and non-smokers but surprisingly not in the all subjects group age, exposure, and pleural changes appeared related to a common factor.
Use of the factor score coefficients to calculate scores for each factor for each person can help simplify clinical assessments by summarising 15 elements in 4-5 scores. Furthermore, this method provides a "rational" means for combining data. Thus an isolated minor abnormality of a single test may not in itself imply "disease" if the subject's factor scores (combined from multiple tests) are all normal. Conversely, use of factor scores may permit identification of disease even Secondly, radiographic findings, particularly in the analysis of all subjects, appeared related to separate factors from those most associated with the physiological test variables. Thus these data support the view that radiographic changes may not be closely related to physiological impairment, and the presence of mild radiographic abnormalities need not imply physiological impairment. Weill et al have also noted the dissociation between physiological and radiographic manifestations of asbestos exposure. '6 784 Thirdly, screening programs should recognise the multifaceted nature of asbestos effects. If there are actually several poorly related lung processes that might be affected by asbestos screening efforts must be directed at each. Therefore, chest radiography, spirometry, and perhaps diffusing capacity testing may additively increase sensitivity. Other investigators, using other analytical methods, have also suggested that the initial manifestation of asbestos effect may differ between individuals. '2 It is not surprising that age and exposure appeared in the same factor since older workers here had more years to accumulate exposure. Pleural plaque radiographic score was also associated with this underlying factor, suggesting that plaque formation may be associated with exposure and aging, that plaques become more apparent with age, or that they may simply be a manifestation of dose and latency. The epidemiological studies of Becklake et al have also shown a close association between age and plaques. 17 The conclusions suggested by the present study must be considered tentative. Multivariate techniques such as factor analysis are subject to probabilistic variation and may be affected by choice of specific analytical technique. We attempted, however, to avoid introducing any bias by intentionally choosing the "default" parameters of BMDP. 2 The population we studied may not be typical of workers currently exposed to asbestos. Their exposures were heavy and extended over many years and most of our subjects were in an older age group. Although many of the radiographs were not read by the ILO system,'8 the radiologists were unaware of the clinical information about each subject, and therefore any systematic radiographic bias is unlikely.
Other workers have used "scales" to combine and summarise clinical data from asbestos exposed workers. The criteria of Murphy et al for the diagnosis of asbestosis required several abnormalities for the diagnosis. 2 These criteria, which are still commonly used, characterised each variable dichotomously as "abnormal" or "normal"; therefore, a subject with "low normal" values for all tests would not be detected as diseased. Fournier-Massey and Becklake used an arbitrary scale to place each subject along a continuum from restrictive to normal to obstructive abnormality. '" Use of multiple scales, each related to a separate asbestos effect, may however be a more appropriate means of summarising clinical data. Regan et al used a multivariate technique to examine pulmonary function data from a group of 201 asbestos exposed workers. 20 Their principal components analysis yielded 16 components, the first of which separated "lung disease from health," and the second of which was interHarber, Lew, Tashkin, Simmons preted as separating asbestosis from obstructive disease.
